Summary
Infection with Haemobartonella muris was confirmed in a group of breeding rats. Possible transplacental transmission was investigated, but none of the offspring from 6 litters became infected.
Haemobartonella muris (Order Rickettsiales) in the rat, like its close relative Eperythrozoon cocco ides in the mouse, has rarely been reported from laboratory-bred stocks in recent years. When present, it remains latent until undue stress on the host's immune defences, such as splenectomy or concurrent infection with a blood parasite, causes the appearance of the rod-like bodies on the surface of the red blood cell.
An outbreak of H. muris in a hospital rat colony was investigated for the possibility of transplacental transmission and for an alternative method for screening which did not involve splenectomy.
Materials and methods
Injective organisms Haemobartonella muris. Whole blood and live rats were obtained from the suspect source.
Babesia rodhaini was kindly supplied by Dr B. Beveridge (Wellcome Laboratories, Beckenham, UK) and passaged weekly by intraperitoneal injection of 1 drop whole infective blood in 0·5 ml Alsever's solution.
Animals
The original identification was made using 8 week old ••• (3) rats from an accredited breeder (Townsend, 1969) , which were known to be free from external parasites. The experimental infections were carried out on ••• (3) Wistar and WAG rats from the Laboratory Animals Centre's colony. The animals were maintained in a clean, conventional animal room in solid polyvinyl-chloride cages, and fed expanded diet and tap water ad libitum.
Experimental procedure and results
Identification oJthe organisms A group of 20 Wistar rats were divided into 2 unequal groups of 4 and 16. The larger group was splenec- tomized and the group of 4 maintained as intact controls. All were then closely observed for a period of 14 days, during which time a total of 6 separate blood samples were taken in order to make blood smears and take haematocrit readings. The rats were allowed to recover and a month following splenectomy 6 of the operated group were given o·2 ml whole fresh blood intraperitoneally from symptomless rats, and a further 6 were given 0·2 ml blood stored at -70°C, also intraperitoneally. 4 of the rats were sham inoculated with saline and kept as controls.
Blood samples were taken from the tip of the tail into heparinized haematocrit tubes and the packed cell volume (PCY) estimated at 2-3 day intervals. Thin blood films were taken daily and stained with Leishman's stain.
The distinctive parasites appeared on the red blood cells in films made II days after infection, at a time when the PCY had also dropped below the level of the control rats (Fig. I ). The haematological crisis was observed to be severe in these mature rats, and 4 died between days 11 and 13.
Investigation oJpossible transplacental transmission
6 pairs of young WAG rats, each dosed with O· 5 ml of whole blood from a known positive convalescent rat, were mated and the males removed when the 1st litter was born. The female, together with 2 males and 2 females from each of the litters, were splenectomized when the young were 8 weeks of age. Thin blood films were taken and PCV was estimated for all animals before splenectomy and daily thereafter for a period of 10 days.
Parasites appeared in the blood of all the infected adult females following splenectomy. PCV dropped drastically to its lowest point on day 7, when the parasites were just past their peak in the blood film. None appeared in the splenectomized young during the 2 weeks they were monitored. All the uninfected young succumbed to infection when 0·5 ml of whole, convalescent blood was given ip, the parasites appearing in the blood 5-6 days after infection.
Inducing the appearance of H. muris in the circulation without splenectomy
In an attempt to simplify the screening procedure by eliminating the need for splenectomy, a suspension of gadolinium chloride, a rare-earth metal, was inoculated intravenously into the group of 6 rats infected with whole convalescent blood at 2 dose levels: I mg/kg and 10 mg/kg bodyweight. As control, the blood protozoan, Babesia rodhaini was inoculated into a group of 6 rats similarly infected. Thin blood films were made daily and PCV estimated at 2-3 day intervals, as in the other tests.
The attempt to induce the appearance of H. muris without splenectomy produced a poor response. Some parasites appeared in the blood but not in sufficient numbers to make this a suitable screening method. The parasite is known to appear during peak parasitaemia with concurrent B. rodhaini infection, but this again is not a suitable method of screening because of the obvious disadvantage of having to maintain the parasite by passage or in stored liquid nitrogen. From examination of blood films during the period of dual infection there appeared to be fewer parasites and in some cases a delay of 2-3 days in their appearance.
Discussion
The main aims of this project were to ascertain the identity of the organism, which was confirmed as Haemobartonella muris by its morphological characteristics, and to investigate the possibility of transplacental transmission. Since parasites did not appear in the blood of splenectomized rats within 14 days it References Bartlett, R. & Pease, P. (1975) . Latent Haemobartonella muris infection: its transmission and decline in an inbred, ectoparasite free strain of Wistar rat. Parasitology 71, 35-40.
Owen would appear that transplacental transmission did not occur in this instance and that it is not the usual method by which the organism is passed from mother to young. In the present investigation the naturally-infected rats were all infested with the blood-sucking louse Polyplax spinulosa, which could account for a high incidence of infection within the colony. Bartlett & Pease (1975) noted that ectoparasites were not present in their colony of Buttoni rats, so that transmission must have been transplacental. This must have been a rare occurrence, as the proportion of otTspring infected was sufficiently low for line breeding to etTectively terminate the infection.
The use of gadolinium chloride was suggested by the work of Lazar (1973), who noted its marked etTect on the reticuloendothelial system which, according to this author, it blocks. Some organisms were seen, but even the high dose of 10 mg/kg bodyweight failed to produce a sufficiently high parasitaemia to be worth pursuing as a routine testing measure.
Perhaps the most interesting observation came in the control group of the induction experiment, where H. muris exhibited an inhibitory etTect on the Babesia parasite in the dual infection. In this present study Babesia rodhaini was simply used as an etTective means of inducing a parasitaemia.
However, an investigation of the etTect of dual infection could throw some light on the mechanism whereby H. muris manages to remain in the system with no apparent clinical signs until the animal sutTers major stress. The level of infection is not known. Kreier & Hall (1968) investigated the lifespan of red blood cells in infected rats. They noted that not all parasitized erythrocytes are irreversibly damaged; an observation which supports the theory that the anaemia caused by H. muris is due to the action of the parasite on the erythrocyte itself. The parasites are constantly present in the blood and these authors suggested that removal by the spleen during circulation helps to maintain the low level of parasitaemia.
However small the damage to the red blood corpuscle in the intact animal, latent presence of this parasite could have a marked etTect on experimental results. From the results of this study it would appear that the most etTective means of dealing with such an infection is the simple one of ensuring that no blood-sucking arthropod parasites are present in the colony. Haemobartonella in rats Lazar, G. (1973) . The reticuloendothelial-blocking effect of rare earth metals in rats. Journal oj the Reticuloendothelial Society 13, [231] [232] [233] [234] [235] [236] [237] 19 Townsend, G. H. (1969) . The grading of commercially-bred laboratory animals. Veterinary Record 85, 225-226.
Haemobartonella murls: Fallbericht und Untersuchung der diaplazentaren Ubertragung D. G. OWEN
Z usammenfassung
In einer Gruppe von Zuchtratten wurde eine Haemobartonella muris fnfektion festgestellt. Eine m6gliche dia-plazentare Obertragung wurde untersucht, keines der Jungen aus 6 Wiirfen war jedoch infiziert.
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